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Peroxisomes in intestinal and gallbladder epithelial cells 
of the stickleback, Gasterosteus aculeatus L. (Teleostei)
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Summary. T h e  o c c u r re n c e  o f  m ic ro b o d ie s  in the ep i thel ia l  
cells o f  the  in tes t ine  a n d  gallbladder o f  the s t ick leback .  Gas- 
terosieus aculeatus L., is desc r ibed .  In the in tes t ine  the  o r ­
ganel les  a re  p r e d o m i n a n t l y  loca ted  in the  ap ica l  a n d  p e r in u ­
c lea r  z o n e  o f  the cells a n d  m a y  c o n ta in  small  c rys ta l l ine  
cores .  In g a l lb l a d d e r  ep i the l ia l  cells the m ic ro b o d ie s  a re  d is ­
t r ib u te d  r a n d o m ly .  T h e  la t te r  o rgane l le s  a re  c h a ra c te r i z e d  
by the  p resence  o f  la rge  c rys ta l lo ids .  C y to c h e m ic a l  a n d  b io ­
chem ica l  e x p e r im e n t s  s h o w  th a t  c a ta la se  a n d  D - a m i n o  acid  
o x id a se  a re  m a in  m a t r ix  c o m p o n e n t s  o f  the m ic ro b o d ie s  
in b o th  the  in tes t ina l  a n d  g a l lb la d d e r  ep i the l ia .  T h ese  o r ­
ganel les  th e re fo re  a re  c o n s id e re d  p e ro x iso m es .  In a d d i t io n ,  
in in tes t ina l  m u c o s a  b u t  no t  in g a l lb l a d d e r  ep i th e l iu m  a 
low ac t iv i ty  o f  p a lm i to y l  C o  A o x id a se  w as  d e tec ted  b io ­
chem ica l ly .  U r a t e  o x id a se  a n d  L -y. h y d r o x y  ac id  ox id ase  
act iv i t ies  c o u ld  n o t  be d e m o n s t r a t e d .
K eyw ord s:  P e ro x iso m e s  D - a m i n o  acid  o x id ase  C a ta la s e  
C y to c h e m is t r y  In tes t ina l  e p i th e l iu m  G a l l b l a d d e r  e p i ­
the l ium  Gasterosteus aculeatus (Teleoste i)
P e ro x iso m e s  a re  cell o rg an e l le s  b iochem ica l ly  de f ined  by
V— J  J
the  p resence  o f  c a ta la se  a n d  o n e  o r  m o r e  H 20 2- p r o d u c in g  
o x id a se s  (D e  D u v e  a n d  B a u d h u in  1966). At the u l t r a s t ru c -  
tura l  level these  o rgane l le s  s h o w  a line g r a n u la r  m a t r ix  stir- 
r o u n d e d  by a single  m e m b r a n e  o f  a p p r o x im a te ly  7 n m  a n d  
o c cas io n a l ly  c o n ta in  c rys ta l l ine  inc lus ions  ( fo r  ref. see H r u -  
b an  a n d  Rechcigl  1969; Bock et al. 1980; V een h u is  et al. 
1983). D esp i te  the i r  s im ple  m o r p h o l o g y  p e ro x is o m e s  sh o w  
a g rea t  d ivers i ty  in e n z y m e  re p e r to i re  a n d ,  d e p e n d e n t  on  
the  tissue, they  m a y  be invo lved  in d i f fe ren t  m e ta b o l ic  p r o ­
cesses such  as fa t ty  acid o x id a t io n ,  lipid b io sy n th es i s  o r  
g lu c o n e o g e n es is  (K in d i  a n d  L a z a r o w  1982).
T h e  k n o w le d g e  on the o c c u r re n c e  a n d  fu n c t io n  o f  p e r ­
o x iso m es  in teleost t issues is l imited .  M ic r o b o d y - l i k e  o rg a n -  
elles have  been d esc r ibed  in liver a n d  k id n ey  cells o f  several  
te leosts  ( G r i t z k a  1963; T r u m p  a n d  Bulger  1968; H r u b a n  
a n d  Rechcigl  1969; K r a m a r  et al. 1974; G o l d e n b e r g  1977; 
G o l d e n b e r g  et al. 197S). In k idney  cells o f  the  th ree -sp ined
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s t ick leback .  Gasterosteus aculeatus, such  o rgane l le s  have  
been c h a ra c te r i z e d  c y to ch em ica l ly  as p e ro x is o m e s  (V een ­
huis  a n d  W e n d e l a a r  B o n g a  1977).
T h is  p a p e r  desc r ibes  the  p resence  o f  p e ro x i s o m e s  in e p i ­
thelial cells l ining the  lu m in a  o f  the  in tes t ine  a n d  g a l lb la d d e r  
o f  the  th ree -sp ined  s t ick leback .  Gasterosteus aculeatus L. 
It a p p e a r e d  th a t  c a ta la se  a n d  D - a m i n o  ac id  o x id a se  a re  
i m p o r t a n t  c o m p o n e n t s  o f  these  p e ro x iso m es .
M aterials  and methods
Sexual ly  i m m a t u r e  a d u l t  female  th ree -sp in ed  s t ick leb ack s  
(Gasterosteus aculeatus L.) o f  the  trachurus fo rm  w ere  o b ­
ta ined  f rom  f re sh w a te r  l a b o r a t o r y  s tock  (V een h u is  a n d  
W e n d e l a a r  B o n g a  1977). P a r t  o f  the  fish w ere  a d a p t e d  for  
at least six w eeks  to fu l l -s t reng th  W imex® art if icial  s e a w a te r  
(D e  R u i t e r  1980).
Biochemistry
F o r  D - a m in o  acid  o x id a se  assay ,  the  in tes t ina l  m u c o s a  o f  
ind iv idua l  fish was  h o m o g e n iz e d  in a b o u t  250 f.il disti l led 
w a te r  in an  all-glass t issue g r inde r .  F o r  the o th e r  assays ,  
the  in tes t ina l  m u c o s a  o f  4 to 6 fish w as  p o o le d  in 50 m M  
p h o s p h a t e  buffer ,  p H  7.4, c o n ta in in g  30 m M  sucrose .  T h e  
t issues were  h o m o g e n iz e d  in a P o t t e r  E lveh jem  tube ,  s u b s e ­
q u e n t ly  sonif ied  a t  20 K H z  for  3 m in  a t  0° C  w ith  an  M S E  
1 00  W  u l t r a so n ic  d e s in t e g r a to r  (M .S .E .  L td . ,  C raw ley ,  S u s ­
sex, E n g la n d )  a n d  c en t r i fu g ed  at  2 0 0 0 0  g  fo r  30 m in  to  re­
m o v e  in tac t  cells a n d  debr is .  G al l  b la d d e r s  o f  4  6 fish w ere  
p o o le d  for  all a ssays  a n d  h o m o g e n a t e s  p r e p a r e d  in the s a m e  
w ay  as  fo r  the  p o o le d  in tes t ina l  tissue.
C a ta l a s e  w as  a ssayed  by the s p e c t r o p h o t o m e t r i c  m e th o d  
o f  Luck  (1963). O x id a se  act iv i t ies  w ere  d e te rm in e d  using 
5 0 -1 0 0  (.tl o f  freshly p r e p a r e d  c ru d e  h o m o g e n a t e s  w ith  a 
C la rk e  oxygen  e lec t ro d e  (Biological  O x y g en  M o n i to r ,  Y e l ­
low S p r in g s  Instr .  Co . ,  Inc.,  Y e l low  Spr ings ,  O h io ,  U S A )  
at 30° C. D - a m in o  acid  ox idase ,  L -a - h y d ro x y  acid  o x id a se
m/ *
a n d  u ra te  o x id a se  were  a ssayed  as desc r ibed  p rev ious ly  
(V eenhu is  a n d  W e n d e l a a r  B o n g a  1977).
P a lm itoy l  C o  A o x id a se  w as  assayed  in 50 m M  p h o s ­
p h a te  buffer .  p H  7.4, c o n t a in in g  0.7 m M  p a lm i to y l  C o A ,  
a n d  3 m M  K C N  to inh ib i t  m i to c h o n d r i a l  pa lm i toy l  C o A  
o x id a t io n .
P ro te in  w as  d e te rm in e d  by  the  m e t h o d  o f  L o w ry  et al.
(1951) with  b o v in e  se ru m  a lb u m in  as  s t a n d a r d .
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Electron microscopy and cytochemistry
C a ta la s e  ac t iv i ty  w as  d e m o n s t r a t e d  w ith  the  c o n v e n t io n a l  
d i a m in o - b e n z id in e  ( D A B ) - t e c h n iq u e  (R e e l s  et al. 1975; 
V ee n h u is  a n d  W e n d e l a a r  B o n g a  1977). C o n t r o l  e x p e r im e n t s  
w ere  p e r f o r m e d  in the ab se n c e  o f  H 20 2, in the p resence  
o f  50 m M  3 -a m in o -  1 ,2 ,4-tr iazole  as a specific in h ib i to r  o f  
c a ta la se  ac t iv i ty  o r  in the  p resence  o f  1.5 m M  K C N  to avo id  
m i to c h o n d r i a l  s ta in in g  (R o e ls  et al. 1975).
F o r  the  loca l iza t ion  o f  D - a m i n o  acid  ox idase ,  u ra te  o x i ­
dase ,  L -a - h y d ro x y  acid  o x id a se  a n d  p a lm i to y l  C o A  o x id a se  
the  c e r iu m  te c h n iq u e  w as  used (V een h u is  et al. 1976; V e e n ­
huis  a n d  W e n d e l a a r  B o n g a  1977). All i n c u b a t io n s  w ere  p e r ­
fo rm ed  at  r o o m  t e m p e r a t u r e  u n d e r  c o n t i n u o u s  a e r a t io n .  
C o n t r o l  e x p e r im e n ts  w ere  p e r f o r m e d  in the  ab se n c e  o f  s u b ­
s t ra te  o r  u n d e r  a n a e r o b i c  c o n d i t io n s .  A f te r  the  in c u b a t io n s ,  
the t issue b locks  w ere  w a s h e d  in 0.1 M c a c o d y la t e  buffe r ,  
p H  6.0. fo r  15 m in  a n d  pos t f ixed  in 0 .5 %  0 s 0 4 a n d  2 .5 %  
K. 2 C r 2 O  7 in the  s a m e  b u f fe r  a t  p H  7.2 for  90 in in a t  0 ° C. 
T h e  m a te r ia l  w as  p o s t s t a in e d  in 1% u rany l  a ce ta te ,  d e h y ­
d r a t e d  in a g ra d e d  e th a n o l  series a n d  e m b e d d e d  in e i th e r  
E p o n  812 o r  S p u r r ' s  e p o x y  resin. U l t r a th in  sec t ions  w ere  
cu t  with  a d i a m o n d  knife  on  an  L K B - U l t r a t o m e  a n d  e x a m ­
ined in a Phi l ips  EM  300 w i th o u t  a d d i t io n a l  s ta in ing .
Results
Biochemical observations
In t issue h o m o g e n a t e s  o f  f r e sh w a te r  s t ick leback  in tes t ina l  
m u c o s a  a n d  ga l lb ladde rs ,  c a ta la se  a n d  D - a m i n o  ac id  oxi- 
d a se  act iv i t ies  were  de tec ted  (T ab le  1). H igh  specific ac t iv i ­
ties o f  D - a m i n o  acid  o x id a se  w ere  fo u n d  in the in tes t ine ,  
a l low ing  m e a s u r e m e n t  in h o m o g e n a t e s  o f  ind iv idua l  fish. 
T h e  e n z y m e  was  specific fo r  D - a m i n o  ac id s  ( L - a m in o  ac ids  
w ere  n o t  ox id ized)  a n d  sh o w e d  high p re fe rence  for  D -a la -  
n ine  as  su b s t ra te .  O th e r  D - a m i n o  acids ,  such  as  D -m e th io -  
nine,  w ere  ox id ized  to  a re la t ively low exten t .
In on ly  so m e  o f  the  p o o le d  in tes t ina l  t issue a low ac t iv i ty  
o f  p a lm i to y l  C o A  o x id a se  w as  de tec ted .  In the  g a l lb la d d e r  
h o m o g e n a t e s  p a lm i to y l  C o A  o x id ase  c o u ld  no t  be d e tec ted  
( T a b l e ) ) .  Act iv i t ies  o f  o th e r  H 20 2- p r o d u c in g  ox idases ,  
such  as u ra te  o x id a se  a n d  L -a -h y d ro x y  acid  ox idase ,  w ere  
a lso  n o t  d e tec ted  in b o th  tissues.
A d a p t a t i o n  o f  the  a n im a l s  to sea w a te r  d id  n o t  result  
in s ign if ican t  a l t e r a t io n s  in the e n z y m e  prof i les  p re se n te d  
a b o v e  for  f r e sh w a te r  fish (T ab le  1).
Morphology
T h e  m o r p h o l o g y  a n d  u l t r a s t r u c tu r e  o f  the  s t ic k leb a c k  in te s ­
tinal a n d  g a l lb la d d e r  ep i thel ia l  cells has  been  de sc r ib ed  by 
de R u i te r  et al. (1985). T o  e s t im a te  the  n u m b e r  o f  p e r o x ­
isomes,  1 -2  j im - th ick  sec t ions  w ere  p r e p a r e d  f ro m  E p o n -  
e m b e d d e d  in tes t ina l  a n d  g a l lb la d d e r  t issues th a t  w ere  in c u ­
b a ted  to d e m o n s t r a t e  c a ta la se  o r  D - a m i n o  o x id a se  act ivi ty .  
Both  m e t h o d s  a l low ed  d e te c t io n  o f  p e ro x i s o m e s  a t  the  light-
Table 1 . E n zy m e  activi t ies  in tissue h o m o g e n a t e s  o f  individual  
s t ick lebacks  ( intest inal  a m i n o  acid ox idase  o n ly :  // =  6 ) a n d  pools  
o f  4 - 6  fish each  ( f rom  s t ick lebacks)  kept  in fresh w a te r  o r  sea 
w a te r
Intes t inal  m u c o s a G a l lb l a d d e r
fresh
w a te r
sea
w a te r
fresh
w a te r
sea
w a te r
D - a m in o  acid 50.5 ±  17.8 50.1+8.9 13.0 14.1
ox idase
Palm itoy l  C o A 1.0 1.0 — ------
ox idase
C a ta la se 6.0 8.1 13.8 12.2
U r a t e  ox idase — — — —
L -a -h y d ro x yy  J — — — —
acid ox idase
O x id ase  activit ies a re  expressed  as nm ol  0 2 min 1 m g  pro te in  
ca ta la se  act iv i ty  is expressed  as J E  2 4 0 -m in  1 • m g  p ro te in  
no  act iv i ty  de lec tab le
i .
m ic ro sco p ica l  level (Fig.  1). Sm al l -sca le  m o r p h o m e t r y  on 
lo n g i tu d in a l ly  sec t ioned  cells, s h o w in g  a nuc leus ,  ind ica ted  
tha t  the  m e a n  n u m b e r  o f  p e ro x i s o m e s  pe r  cell in the  in tes t i ­
nal e p i th e l iu m  w as  a lm o s t  th ree fo ld  h ig h e r  th a n  in the ga l l ­
b la d d e r  ep i th e l iu m .  N o  r e m a r k a b l e  d i f fe rences  in n u m b e r  
be tw een  f r e sh w a te r  a n d  s e a w a te r  fish were  o bse rved .
E le c t ro n -m ic ro s c o p ic a l  o b s e r v a t io n s  on  in tes t ina l  ep i ­
thelial cells in d ica ted  th a t  in these  cells the  p e ro x is o m e s  
a re  m a in ly  loca ted  in the  ap ica l  a n d  p e r in u c le a r  z o n e  o f  
the  cells, f req u en t ly  in c lose  a s so c ia t io n  with  lipid d ro p le ts ,  
vacuo les  a n d  ly sosom es  (Fig.  3). S m a l le r  n u m b e r s  were 
p re se n t  in the  basal  p a r t  o f  the  cells (Figs.  1, 3). T h e  o r g a n ­
elles m e a s u re d  f rom  2 0 0 -5 0 0  n m  in d ia m e te r ,  a n d  w ere  s u r ­
r o u n d e d  by a single m e m b r a n e  o f  a p p r o x im a te ly  7 nm .  In ­
f requen t ly .  a small  c rys ta l lo id  w as  o b se rv e d  in the  m a t r ix  
o f  the  o rgane l le s  (Fig.  2).
In the  g a l lb la d d e r  ep i the l ia l  cells the  p e ro x is o m e s  were 
rela t ively scarce  a n d  r a n d o m ly  d i s t r ib u te d  in the  c y to p la sm  
(Fig.  7). T h ese  o rgane l le s  h a d  d im e n s io n s  up  to 400 nm  and  
were  c h a ra c te r i z e d  by the  p resence  o f  large  c rys ta l l ine  inclu­
s ions  ( Fig. 6 ).
Cytochemistry
m m
T h e  cy to ch em ica l  e x p e r im e n t s  revealed  th a t  c a ta la s e  act iv i­
ty w as  p re sen t  in the  p e ro x is o m e s  o f  the  in tes t ina l  ep i the l i ­
um (Fig.  4). S ta in in g  w as  a b s e n t  in c o n t ro l  e x p e r im e n t s  p e r ­
fo rm ed  in the ab se n c e  o f  H 20 2, o r  in the p resence  o f  am ino-  
t r iazo le  as  an  in h ib i to r  o f  c a ta la se  ac t iv i ty  (Fig.  5). S ta in ing  
o f  the m i to c h o n d r i a  o c c u r re d  in d e p e n d e n t ly  o f  the  presence 
o f  H 20 2 a n d  w as  p re v e n te d  by cyan ide .  T h e re fo re ,  this 
s ta in ing  m o s t  p r o b a b ly  w as  d u e  to the p resence  o f  the  cy to ­
c h r o m e  C - c y to c h r o m e  ox id ase  c o m p le x  (V een h u is  and
B a r =  1.0 j.im unless o the rw ise  s ta ted
Kig. I. Light m ic ro g ra p h  o f  a 2-j.im-thick E p o n  sect ion o f  intest inal  ep i the l ium  o f  a f re shw a te r  i l sh , in cu ba ted  with C e C l 3 a n d  D - a l a n i n e  
for  the  d e m o n s t r a t i o n  o f  D - a m i n o  acid ox idase ,  sh o w in g  the d i s t r ibu t ion  o f  pe rox iso m es  (visible as d a rk  dots) in the apical  a n d  basal 
a rea s  o f  the cells. M V  a n d  arrow m ic rov i l lous  b o rd e r
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Fig. 2. Detail  o f  an  intest inal  cell o f a  s ea w a te r  llsh to d e m o n s t r a t e  the s u b s t ru c tu r e  o f  the  p e ro x iso m es  in these cells. T h e  high m ag n i f ica t ion  
in the inset sho w s  a pe rox isom e ,  which c o n ta in s  a crys ta l l ine  co re  (arrow): Ly  ly sosom e;  P p e ro x i so m e
Fig. 3. E lec t ron  m ic r o g ra p h  o f  the  tissue sh o w n  in Fig. 1. As a l read y  ind ica ted  in Fig. 1, the  m a jo r i ty  o f  the  pe ro x iso m es  (P) is loca ted  
in the apical  pa r t  o f  the cells. T h e y  of ten  a re  closely assoc ia ted  with vacuoles  ( V) a n d  lysosom es ;  N  nucleus
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Figs. 4, 5. Deta i ls  o f  cells sh o w in g  pe ro x iso m es  (P) posi t ively s ta ined  lo r  ca ta la sc  a f te r  incu b a t ion  with D A B  a n d  H 20 2 (Fig.  4). In 
co n t ro l  incuba t ions ,  in the presence  o f  the ca ta la sc  inh ib i to r  a m in o t r i a z o le  the pe ro x iso m es  (P) a re  only  sl ightly s ta ined  (Fig.  5);  M  
m i t o c h o n d r i o n ;  Lv  lysosom c
Figs. 6, 7. Fig. 6. S u b s t r u c tu r e  o f  pe ro x iso m es  (P) in g a l lb lad d e r  epi thel ia l  cell. T h e  organe l les  all con ta in  a crys ta l l ine  core .  T h e  presence 
o f  D - a m in o  acid ox idase  in these o rcane l le s  was  d e m o n s t r a t e d  a f te r  in c u b a t io n s  with C e C I 3 an d  D -a lan ine  (Fig. 7. arrows)
W e n d e l a a r  B onga  1977; R o d s  et al. 1975). A f te r  i n c u b a ­
t ions  to d e m o n s t r a t e  the  su b ce l lu la r  sites o f  D - a m in o  acid  
ox idase  act iv i ty ,  by in c u b a t in g  g lu ta ra ld e h y d e - f ix e d  cells 
with  C e C l 3 a n d  D -a la n in e ,  the reac t ion  p r o d u c t s  w ere  c o n ­
fined to the p e ro x is o m a l  m a t r ix  (Fig .  3). T h is  s ta in in g  w as  
p re v e n te d  in c o n t ro l  e x p e r im e n t s  p e r f o r m e d  in the  a b se n c e  
o f  s u b s t r a t e  o r  u n d e r  a n a e r o b i c  c o n d i t io n s .
C y to c h e m ic a l  o b s e r v a t io n s  o n  the  g a l lb la d d e r  ep i the l ia l  
cells s h o w e d  th a t  the  m ic ro b o d ie s  c o n ta in  b o th  c a ta la se  
a n d  D - a m in o  acid  o x id a se  (Fig. 7). O t h e r  p e ro x is o m a l  m a ­
trix e n z y m e s  such  as p a lm i to y l  C o A  ox idase ,  u ra te  o x id a se  
a n d  L -a - h y d ro x y  acid  o x id a se  co u ld  no t  be d e tec ted  cy to -  
chem ica l ly ,  thus  c o n f i r m in g  the  b io ch em ica l  d a ta .
Discussion
T h e  D A B - te c h n iq u c  for  c a ta la se  in the  p resence  o f  c y a ­
nide to  p rev en t  m i to c h o n d r i a l  s t a in in g  -  h a s  been  used s u c ­
cessfully fo r  the d e te c t io n  o f  p e ro x i s o m e s  a t  b o th  the e lec­
t ro n -m ic ro sc o p ic a l  as well as the  l igh t -m ic ro scop ica l  level
( R o d s  et al. 1975; R o d s  a n d  G o ld f i s h e r  1979). O u r  results, 
h o w ev e r ,  s h o w  th a t  the cer ium  te c h n iq u e  is a lso  very su i t ­
ab le  fo r  l igh t-m icroscop ica l  o b s e r v a t io n s  in low er  v e r te ­
b ra tes .  In fact, this techn ique  has  d is t inc t  a d v a n t a g e s  over  
the  D A B - m e l h o d .  It show s an  e n h a n c e d  c o n t r a s t ,  localizes 
the  a c tu a l  sites o f  in t race l lu la r  H 20 2 p r o d u c t i o n  a n d  avo ids  
the  u t i l iza t ion  o f  toxic c o m p o u n d s ,  such  as D A B  a n d  c y a ­
nide a n d  ev en tu a l ly  O s ( ) 4. since the reac t ion  p r o d u c t  needs 
no o sm if ic a t io n  fo r  v isua l iza t ion  a t  the  light-  a n d  e lec t ron-  
m ic ro scop ica l  levels.
W e have  p rev ious ly  c h a ra c te r i z e d  p e ro x iso m e s  cyto-  
chem ica l ly  in k idneys  o f  the s t ick leback  a n d  have  d e m o n ­
s t ra ted  th a t  the  activit ies o f  c a ta la se  a n d  D - a m i n o  ac id  o x i ­
dase  were  c o n f in e d  to the sam e  cell o rgane l les ,  which cou ld  
thus  be c o n s id e re d  as p e ro x iso m es  (V een h u is  a n d  W e n d e ­
laa r  B o n g a  1977). F o r  the s a m e  reasons ,  the m ic ro b o d ie s  
p resen t  in the  epithelia l  cells o f  the  in tes t ine  a n d  g a l lb lad d e r  
descr ibed  in this paper  can  be c o n s id e re d  to be perox isom es .  
T h e  c o m b in e d  b iochem ica l  a n d  c y to c h e m ica l  d a t a  suggest 
tha t  c a ta la se  a n d  D -a m in o  acid  o x id a se  a re  m a in  c o m p o ­
nents  o f  the  p e ro x iso m es  in b o th  tissues.
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T h e  c u r r e n t  k n o w le d g e  on  the o c c u r re n c e  o f  p e r o x ­
isom es  in in tes t ina l  t issue in genera l  is m a in ly  based  on 
b o th  b io ch em ica l  a n d  cell f r a c t io n a t io n  s tudies .  V ery  low
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act iv i t ies  o f  D - a m i n o  acid  o x id a se  (E .C .  1.4.3.3) h av e  been 
r e p o r te d  in go ldf ish  a n d  g u in e a -p ig  in tes t ine  ( C o n n o c k  
1973; C o n n o c k  ct al. 1974). F icke isen  a n d  B ro w n  (1977) 
s h o w e d  th a t  D - a m i n o  acid  o x id a se  is a c o m m o n  e n z y m e  
in several  species  o f  fishes. H ig h es t  act iv i t ies  were  de tec ted  
in the  liver. T h is  e n z y m e  w as  a lso  p re sen t  in k id n ey  a n d  
py lo r ic  caecae .  A s  in o u r  e x p e r im e n ts ,  the  in v i t ro  act iv i ty  
o f  the  e n z y m e  is F A D - d e p e n d e n t .  In c o n t r a s t  to  o u r  results ,  
the  la t te r  a u t h o r s  fo u n d  th a t  liver e x t ra c t s  o f  the  s a lm o n  
Oncorhynchus nerka ( W a l b a u m )  a lso  ox id ized  L -a la n in e  to 
a low ra te ,  p r o b a b ly  d u e  to the p resence  o f  low activi t ies  
o f  L - a m in o  acid  o x id a se  o r  a racem ase ,  w h ich  con  verst  
L -a lan in e  in to  its D s te reo  isom er .
O u r  b io ch em ica l  resu l ts  s h o w  th a t  p a lm i to y l  C o A  o x i ­
d ase  is a lso  p re sen t  in s t ick leback  in tes t ina l  h o m o g e n a te s .  
Small  et al. (1980) d e tec ted  act iv i t ies  o f  this e n z y m e  in 
g u in e a -p ig  small  in tes t ina l  t issue as  well as in o th e r  o rg a n s ,  
such  as  liver, k id n ey s  a n d  h ea r t .  In the i r  o p in io n  this e n ­
zym e  m a y  be  invo lved  in en e rg y  b a la n c e  a n d  in t h e r m o g e n e ­
sis.
T h e  relat ively  h igh ac t iv i t ies  o f  D - a m in o  acid  o x id a seJ  W
d e tec ted  in the  s t ick leback  in tes t ine  a n d  g a l lb la d d e r  m a y  
reflect specific phys io log ica l  fu n c t io n s  o f  the p e ro x is o m e s  
p re se n t  in these cells. A p a r t  f ro m  d iges t ive  p rocesses  the 
ep i the l ia l  cells o f  the  in tes t ine  a n d  g a l lb la d d e r  o f  Gasteros- 
teus aculecttus a re  invo lved  in so lu te - l in k ed  w a te r  t r a n s p o r t  
b o th  in sea w a te r  a n d  in fresh w a te r  ( H o n m a  a n d  Y a m a d a  
1978; de  Rui  ter  et al. 19S5). A d a p t a t i o n  o f  f r e sh w a te r  fish 
to sea w a te r  d id  n o t  n o t iceab ly  in f luence  the  level o f  e n z y m e  
act iv i ty .  T h e re fo re ,  the re  a p p e a r s  to  be no  in d ic a t io n  for  
in v o lv e m e n t  o f  p e ro x i s o m e s  in h y d r o m in e r a l  regu la t ion .
P e ro x i so m e s  o f  in tes t ina l  a n d  g a l lb l a d d e r  e p i th e l iu m  
b o th  have  relat ively  h igh  c o n c e n t r a t i o n s  o f  D - a m i n o  acid 
o x id a se  a n d  ca ta la se ,  a l t h o u g h  the ra t io s  o f  the  en zy m es  
d if fe red  s ign if ican t ly  be tw een  the tw o  types  o f  ep i the l ia .
In the  in tes t ina l  e p i th e l iu m  the  m e a n  n u m b e r  o f  p e r o x ­
isom es  p e r  cell is c o n s id e ra b ly  h ig h e r  th a n  in the  g a l lb la d d e r  
ep i th e l iu m .  T h is  t e n d e n c y  is in a g re e m e n t  with  the  b io c h e m ­
ical d a ta .  T h e  m e ta b o l i c  fu n c t io n  o f  the p e ro x is o m e s  in 
b o th  cell types  is still unc lear .  H o w e v e r ,  in the  in tes t ina l  
e p i th e l iu m  the f requen t ly  o b se rv e d  close  a s s o c ia t io n  o f  p e r ­
o x iso m e s  w ith  ly sosom es  o r  vacuo le s  m a y  reflect a fu n c ­
t ional  re la t io n sh ip .  M o s t  likely the  p e ro x i s o m e s  a re  in ­
volved in d iges t ive  processes ,  e.g.,  fat m e ta b o l i s m / f a t t y  acid  
o x id a t io n  a n d / o r  the  o x id a t io n  o f  ly sosom al  p ro d u c t s .
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